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INTRODUCTION:

najor categories; |
VOLUME I
VOLUME II

VOLIME IV
| VOLUME V
VOLUME VI

VOLUME VII

i

Special Analyses

Engines (Motors)

VOLUME II1) Missile-Borne Equipment

\
Re~Entry Vehicle '

Operational Ground Equipment

Each major item or subassembly of the MINUTEMAN Weepon System will be analyzed
for Safety. The compilation of the Safety Analysis reports will be in this

document. Separate volumes will be used to complle analyses in the following

Maintenance Ground Equipment, Including Tramsportation and

Handling Equipment

Pacilities and Remote Bases

snalyses without total revision.

Each volume is sectionalized to permit adding, as they are produced, new
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SAFETY ANALYSIS OF FIGURE "A" 6007

DEFLECTOR ASSHMBLY - BASE HEATING STAGE I

IDENTIFICATION AND DESCRIPTION

1.1

1.2

1.3

1.4

Boelng:

Pert Number 05-25876, Deflector Support Assembly,
First Stage

'sed On Drawing(s):

21-51725, 21-517%0, 21-50150, First Stage Engine

Sketeh:

See Boeixy Drewing

Basic Fensures:
Physical:

Loceted between nozzles aft of Engine Aft Closure and
conegists of DNeflector Supnort Assembly and Deflector.

Purpose:

To deflect hot exhaust gases from Nogzle Control Unit
and Engine Aft Closure.

Similarity:
This Figure "A" 6007, Deflector Assembly - Base Heating
Stage I, is eimilar to Figure "A" 6008 and 6006, Deflector

Aesembly - Base Heating for 2nd and 7rd Stege Engines
respectively.

Chunges:

CCP 43¢ hus becn incorporated.

REVISED
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2.0 FUNCTIONAL AND OPERATIONAL SEQUENCE
2.1 Relation tc Connected Equipment: 0

This deflector is connected to and protects the aft-
closure dome of the first stage engine from the effects
of the hot engine exhaust gases.

R ) Relation to Adjacent Equipment:

Thie deflector assembly ie located between the nozzles

ard is arranred to prevent conflict with them. It deflects
(as much as possible) hoi gases dischnrged b the nozzles
and prevents them from entering the space between the
engines and from damaging equinment located in this space.

SR Wan-Machine Interface:
i
| This deflector is installed and insulation is anplied
to critical surfaces by personnel during engine build:p
: during missile assembly.
! b 6} Event Chart:
’ This nosembly i used throughout first stage powered
flight to deflect hot gases exhausted by the nozzles !1om
! the nozzle control unit and aft closure.
’ 55 ® Alternate Modewn:
None
3.0 ~1e-Figure "A" has no direct safety implications or applications. and,

i therefore, no further analysis documentution is being provided.
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6011

SAFETY ANALYSIS. OF FIGURE "A" 6011

SUPPORT COMPONENTS - ELECTRICAL CABLING - SEPARABLE

UY 4288 200C

1.0 IDENTIFICATION AND DESCRIPTION
1.1 Boeing Drawing No., 25-27523
25-27524
1.2 Used on Brawing - Next Assy 21-50150
1.3 Sketch - See Drawings
1.4 Basic Features
1.4.1 Physical
These components are located within and adjacent to the
first stage skirt, interstages I-II, and II - III, and
at the forward end of the third stage engine, They con-
sist of brackets, thrust fittings, and special fittings,
1.4.2  Purpose
The components support the electrical cables where they
pass through the interstage areus. The main support
points are at the umbilical connection and at stage dis-
connects,
1.5 Changes
None
2,0 FUNCTIONAL AND OPERATIONAL SEQUENCE
i 2.1 Relation to Connected Equipment
Connect to and restrain cables against loads resulting
from launching, vibration, and maneuvers, The structure
in the interstages and skirt absorbs the reaction loads.
27 February 1962
” vou JiL NO D2-12298
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2.0 (Continued)
2.2 Relation to Adjacent Equipment

None of significance

2.3 Man-Machine Interface

Installation only

2.4 Event Chart

Continmious from time of ignition

2.5 Alternate Modes

None

3.0 POTENTIAL CONSEZUENCES OF FAILURE AND/OR ERROR

3.1 Probability of Failure

These sra simple structural components bullt to minimize
! deflection - henee failure is very unlikely.

3.2 Probability of Error

There is a possibility that the BMS 5-62 cable sheath
could be damaged during installation of the support com-

ponents,

| 3.3 Loss of Safety

If support components fail to perform their intended func-
tions,the electrical cables will be free to move, thus
’ making them susceptible to damage during flight.

3.4 Direct Result:s o Toss of fafety

‘ Pamaged cables wou.d probably cause erratic flight commands,

60%%_ _ 27 Psbruary 1962 INO D2-12298
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6011

3.0 (Continued)
3.5 Indirect Results
None
4.0 SPECIAL SAFETY CONSIDERATIONS
L Safety Equipment
None
4,2 Procedures
None
| L.,3 Safety Features
Nore
bb Safety MarRings
Notes on drawings warn installation personnel to handle
cable and fittings carefully to preclude cable damage.
4.5 Emergency Equipment
! None
5.0 EVALUATION
5.1 Fvaluation
The design and installation procedures for this equip-
ment are adequzte from a safety viewpoint,
|
|
! 5.2 Tquivment
|
! There are no known shortcomings
{
!
i
!
. . /2] Pebruary 1962 EING | O ar | NO D2-12298
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6011

5.0 (Continued)
5.3 Equipment Reliability
Fssentially 1.0
5.4 Excess
None
5.5 Corrective Action
5.5.1 Mandatory Changes
None
i 5 5.5.2 Recommended Changes
None
5.6 Deviations from Cpecifications or other Criteria
Yone
I
, 5.7 Relation to Over-all System Safety
| The ability of a missile to make a programmed flight
f could be affected by the failure of the support com-
; ponents and subsequent cable damage or failure,
6.0 HAINTENANCE OF SAFETY
6.1 Recommended Training
Sonduet demonstrations for installation personnel to
i impress them with proper cable handling techniques,
f minimun bend raiii, ete.
£.2 Inspection Procedures

)

A detailed inspection will ensure safe operations

Checkout and Tests

None_Required

Reviseo -0 GO

3 4288 7000
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SAFETY ARALYSIS (F FIGURE "A" 6501
~ INTERSTAGE
2 « 3 INSTALLATION
1.0 IDENTIFICATION AND DESCHIPTION
1.1 Boeing:
25272043, Interstage Assembly-Insulated, Interstage IT-IID
1.2 Used On:
CTLI and Wing I
1.3 fketch:
Boelng Drawing 25-27203, fheet 2, Sectien B5.
1.k Basic Features:
il lch’nl m’stc&l:
The Interstage 1s located between Stage 2 end Btage 3. It
|
i consists of e truneated conme and stiffeners. Access plates
, are provided for installing 2nd end 3rd Stege Igmitien
| Safing Pins and for installing OPLI equipmemt. Also,
i mmerous small aceesses and windows are previded.
1.k.2 Purpose!
The function of the Interstage 1s to align the Second and
Third Stage Engines and to maintain them in relative posi-
tion. It also provides for detachment of the first stege
during flight. ILastly, the Interstage dekéches itself
{
! frem the Third Stage Engius.
!
22 March 1962 — 12298
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1,43 Similarity:
The 2 - 3 Interstege is similar to the Mgure "A" 6701
1 - 2 Imterstage exd is samewhet similar to the Figure "A"
6901 Skirt,

1.k.h Other Analyses:
The Pigure "A" 6503, Ordnance Assembly Safety Analysis,
should be reviewed with this analysis as it 1s assecisted

with the seme items of equipment.

1.5 Changes :

ECP T7, "Lightweight G & C Components for Operational

Progrem” has been proposed. If approved, this change will
| affect Figure "A" 6501 - Interstage, 6205-Nozzls Control
Unit, 6006 - Daflector Assembly, 6202 - Angular Aczelero-
meter, 6207 and 6208 - G & C Cables, 6005 - Racewsy Cam-
pements, 6011 - Support Cerponents, 6507 - Bracket Cempon-
ents and 6304 - CILI Kit Attechment Installation.

2.0 FUNCTION AND OPERATIONAL SBERUENCE
2.1 Relstion to Comectbd EBquipment
2.1.1 The primary comnected Eequipments are desaeribed in 1.h.2

2.1.2 Figure "A" 6503, Ordnence Asserbly - Separation saud Skirt
Removal, II-III, serves to break gpart ihe separation
Joints of the Interstege previding both stage separatiom
and skirt remcval.

- 22 March 1362 _
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6501

n\

|
L

2.1.3

2.1.4

2,1.5

2.1.6

2.2

2.2.1

Figure "A" 6020, Amm and Disaym Mechanism-Ordnance
Assexbly: The pwrpose of this device is to safe the Stage
Separation Ordnance Assenbly until it is axmed by en elec-
trical sigmal during the laumch countdown. It may be
manually safed so that arming is impossible wmtil the
safling pin is removed, The loeatien of the arming element
is monitored comtipually after installation of the missile
in the leamcher. A/NO-6O" sigmal will be displayed in
the ICC 1f thisfpin is rotated 15 degrees from the safe

position.

The Figure "A* 6202, Angular Acceleromster, which serves
in guidance and centrol, is located in the interstage.

Figure "A" 6507 Bracket Compoment - Cable Disconnect,

is attached inside the Imtersteges. The Figure "A"‘'s 6207
and 6203 @ & C Cebles Join in the imterstage at a
discomect. They are supported by Figuse "A" 6011 Support
Components and Figure "A" 6005 Raceway Components.

The Figure "A" 6304 CTLI Kit Attachment Instdllation will
be installed in the Interstage before a Cenfldence Test
Laumch,

Relation to AdJacent Equipment:
The Thickol KR 80003, Bafe and Arm Mechanism, Igniter, is
located on the Second and Third Stage Rngines. The pw~

pose of this device 1s to safe the igniters sn that they

QvSEp = -

22 March 1962
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(2.2.1 - cont.)

2.2.2

2.2.3

2.3
2.3.1

will not fumction wmtil armed during the launch eounte
dowm. In other respects, this iz similar to the

Pigure "A" 6020, reference 2.1.k. If the Interstage were
to fail during the handling of the missile, the igniter
Yould be armed.

The third stage engine nogzzles, Figure "A" 6006 Deflector
Assenbly aund Figure*"A" 8205 Nozzle Centrol Wit are
loeated insdi® the Interstage. At the time of stage
separation end of skirt removal, these could be damaged by

flying fragments.

A linear shaped charge 1s used during the CTLI and is
located on the Becond Stage Engine., If the interstage
fails during hendling causing detonaticn of this charge,
the engine container will be cpened. A large rent will
be torn in the side and the propellent will burn with a

temperature of approximately 4500°F,

Mon-Machine Intexrface:

Access plates are provided so that a Safing Pin can be
installed in the First Stage and Beecnd 8tage Igmiters

and so thet CTLI equipment can be installed. The plates
are equipped with quick-remevable fasteners which have heads
cevered with PR 1910. This material remains pliable end

80 may be removed vhen it is desired to open the plates.
The Ordnanee Arm and Disexm Safing Pin is installed

through the missile skin.

—_

22 March 1962
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2.3.2

2.h

2,5

3.1

3.3

The most divect structure interface oceurs at the tims

of essenbly of the interstage.

Event Chart:

The Separation and Skirt Removel Grdnanee Assenbly is
ignited by an electricsal signal from the ¢ & € Section.

The second stage is sepsrated immediately. After a specific
time delny, the iﬂhe;stage is split in four pieces and

blown awey from the third stage.

Alesrmnate Modes:
Nene availsble.

3.0  POTENTIAL CONSEQUENCE OF FATLURE AND/GR ERROR

Probability of Failare:

Structural Stsbility. The capsbility of the structure to
support the missile standing erect in the Leawmcher has
bean well-founded in the tests of EWA 5275. The capability
to withstand dynamic forces has not been demonstrated.

Probability of Frrors:

There are many points for errors in the assenmbly of this
ltem. The structure is designed sufficlently streng,
however, and procedures are such that critical errors will

be discovered and the other errors will be incensequsutial.

Less of Safety:
The interstage eould fail in transportation a.nd/or handling.
It could fall in compression in the lLameher and it could

22 March 1962
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6501

(3.3 = continusd)
fail frem buckling during a turn in flight. I the
tnterstage did not separate properly, it might contact

the secend stege.

3.k Direct Results of Lass of Safety:
If an engine were to be drepped, detonation would quite
likely oceur. fIf it is necessary to replace an interstege
beeause of structurel failure in the Launcher, & haszardous
condition weuld result. If a structurel failurs occurs
in flight, friendly peoples on the earth's surface may
be endangered or, at least, the missile will fall short

of its target. These same results might ccour if damage

' is dene S0 the nozzles or other fixtures on the second

stage.

3.5 Possible Indirect Regults:
Nene imewn.

! 4.0  BPECIAL SAFETY CONSIDERATION

k.1 Bafety Equipment:
The interutage is inherently greounded. Also a jumper is
yrovided to bend the interstage to the engine. INo

specific safely equipment is required for the structure.

; h,2 Procedures
I
i None required.
!
|
]
I
L
22 March 1962 —
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6501

(3.3 = continusd)
fall frem buckling during a turn in flight. If the

fnterstage did not separate properly, it might contact

the secand stage.

3k Direct Results of Loss of Safety!
If an engine were to be drepped, detonation would quite
likely oceur. JIf it is necessary to replace an interstege
because of structural failure in the Launcher, a hazardous
condition would result. If a structural feilurs occurs
in flight, friendly peoples on the earth's surface may

i
J'

be emdangered or, at least, the missile will fall short
of its target. These same results might ocour if damage
1s dene to the nozsles or other fixtures ou the second

stage.,

3.5 Possible Indirect Results:
Neona knewn.

4.0  GPECIAL SAFETY CONSIDERATION
4.1 Bafety Equipment:
The interstage is inherently grounded. Also a jumper is
provided to bend the interstage 10 the engine. No

specific safety equipment is requived fer the structure.

4.2 Proceturas:
None required.

22 March 1962
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5.0

k.3

bob

k5

EVALUATTICN

5.1

Safety Fegtures:
Shields are provided to prevent fragments of structure
from £lying toward the imterior of the interstage when the

separation Joints sre ruptured.

Safety Moxrkings:

The plates provided for sccess to the ignition safing pins
are labelled "Access 3rd State Ignition Safing Pin" and
"Agcsss 2nd Stege Iguitien aund Destruet Safing Pins”.

The location for s'ad.’ing of the Ordnance Assembly is
lebelled "Arm-. and Disarm Bafing Pin." The window for the
"Arm and Disarm Position Indicator” is se¢ labelled, Other
partinent lsbels are: "Access 3rd Btege Ignition”,

"Access 2nd Stege Ignition," "Ordnance Aceess Door" (5
places), “Access Stage Separation Vemt" (3 pleces) and
"Panel Sling Attach" (15 places).

Emergency Equipment :
Nene required.

Proecedures:

Menufacturing Technical Direetive 2-1181, Applieation of
RTV Silicone Heat Protective Inmsulation (PR 1910), is
subject to misinterpretation. Correetive action has been

taken to insure that safety information is ineluded.

RENVTSED

v ) 4288 2000
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5.2

53

5.4

545
5.5.1

5e5.2

5.5.2.1

j 5.5.2.2

5.6

| 5.7

Bquiyment :
It has not been demenstrated that flying fragmente will

not oceur at rmpture of the separstiem Joints.

Equipment Reliability:

Probability of structural integrity ™ 1

Probability of structural seperation of both the stages
and of siktirt removal = .999%, Souree D2-UST8, Velume II
Excegses:

Tone known.

Correetive Actlem:
Mandgtory Chsnges:

Yone

Escammended Changes:
Revise the drawing to indicate specifically the perting

sgent to be utilized (reference 5.1.1)

Continue testing of the ssparetionm Joints and revise the
netal to a softer material as required to ensure that

fragmentation will not occur.

Deviations From Specification:

Neme lkneun.

Relation to Over-All System Safety

Structural Rigidity
Joint Separxability
Protection of Bnclosed Items

22 March 1962
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6501

6.0 MAINTENANCE OF BAFETY

6.1 Recermended Training:
Nene
6.2 Inspectien Procedures:

Nene reguired

6.3 Checkout and Tests:
Neme required.
|
|
|
|
i
L
22 March 1962
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SAFETY ANALYSIS OF PIGURE A 6308

INSTALLATION KIT TRAINER TEST GROUP, GUIDED MISSILE

1.0 IDENTIFICATION AND DESCRIPTION:

1.1 Boeing:

I 25-29241, Installation Kit Trainer Test Group, Guided Missilae

1.2 Used On:

CTLI missiles - for associated drawings, see listing on
drawing 25-29241.

1. Sketch:

None

1.4 Basic Featurss:
1.4,1 Physical:

This Figure A is composed of saveral parts, ineluding the
followings Support Detonating Cord, Jet Perforator Installa-
tion, Lanyard Assembly, Bracket Premature Stage Separation
and Safe and Am device, Bracket-Battery and Timer, and

Pin Lanyard.

i 1.4.2  Purpose:

The component parts of this Figure A are located in the
interstage sections and are used to support and locate

the All Ordnance Destruct System when operational missiles
are modified to CTLI configuration.

2.0 FUNCTION AND OPERATIONAL SEQUENCE
2.1 Relation to Connected Equipment:

! This equipment is attached to the missile to position and
support special CTLI equipment added to operational missiles.
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3.0

2'2

2.3

2.4

2.5

Relation to Adjacent Equipment:

This equipment has no relation to adjacent equipment, except
in case of equipment failure,

Man-Machine Interface:

The component parts of this kit must be installed on the
missile and the various components of the All Ordnance Destruct
System are installed on the missile using parts of this kit

to position and support the destruct components as required.

Event Chart:

This equipment is installed at the CTLI Destruoct Pack
Installation Pacility prior to the installation of the
All Ordnance Destruct System.

Alternate Modes:

The All Ordnance Destruct System can be installed during
missile assembly using R & D components instead of this kit.

POTENTIAL CONSEQUENCE OF PAILURE AND/OR ERROR

3.1

3.2

3.3

Probability of Failure:

This equipment is designed to withstand the stresses induced
by missile launch end flight while supporting the various
components of the All Ordnance Destruct System.

Probability of Errors

This equipment is designed to be installed without removal

of interstage sections, therefore, insiallations are made

in poorly lighted areas and in cramped quarters with

increased probability of errors resulting. Improper installa-
tion can result in failure of the equipment to provide proper
support or to position the destruct system in the correct
location.

Loss of Safety:

Pailure of this equipment or error in the installation could
result in failure of part or all of the All Ordnance Destruct
System.
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3.4 Direct Results of Loss of Safety:
The All Ordnance Destruct System could fail to accomplish
its deslgned purpose if improperly supported or positioned
as a result of failure of this equipment.
3.5 Possible Indirect Results:
Pailure of the All Ordnence Destruet System could result
in impact of missile in unsafe areas.
4.0 SPECIAL SAFETY CONSIDERATIONS
4,1 Safety Equipment:
None
, 4.2 Procedures:
]
| Installation procedures are adequate,
4.3 Safety Features:
None.
4.4 Safety Markings:
None
i
4.5 Emergency Equipment:
None
5.0 EVALUATION
5.1 Procedures:
1
: Adequate
|
| 5.2 Equipment:
The equipment is designed to withstand stresses resulting
from launch and flight manuvers. AJ
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5.3 Equipment Reliability:
Not applicable
5.4 Excesses:
None
5¢5 Corrective Action:
None Required
5.6 Deviations from Specifications or 6ther Criteria:
None
5.7 Relation to Over-All System Safety:
Training Kit for operational crews
6.0 MAINTENANCE OF SAFETY
6.1 Recommended Training:
! Praining in installing this equipment on ground test missiles
or mock-up8s.
i 6.2 Inspection Procedures:
Quality Control verification of proper installation
6.3 Checkout and Tests:
Not applicable
|
|
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SAPETY ANALYSIS OF FIGURE "A"™ 6006

DEFLECTOR ASSHWBLY -~ BASE HZATING STAGE III

1.0 IDENTIFICATION AND DESCRIPTION
1.1 Boeing:

Part Number 25-25878, Deflector Support Assembly,
Third Stage

1.2 Used On Drawing(s):

21-5172%, 21-51750, 21-50150, First Stage Engine

1.3 Sketch:

See Boeing Drawing

1.4 Basie Fentures:
l.4.1 Physical:

Located between nozzles aft of Engine Aft Closure and
consists of Deflector Support Assenmbly and Deflector.

1.4.2 Purpose:

To deflect hot exhaugt geses from Nozzle Control Unit
and Engine Aft W <7
At /J/z
Mol 2 Similarity:
This Fipure "A" 6006, Deflector Assembly - Base Heating
Stage Ty ie similar to Flgure "A" 6008 and 6007, Deflector

Assembly - Base Heating for ?nd and lst Stage Engines
respectively.

1.5 Changes:

CCP 430 has bzer incorporated

L3
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2.0

"10

FUNCTIONAL AND OPERATIONAL SZCUENCE

2.1

2.2

2.5

This Figure "A" has no direct safety implications or applicatione, and,
therefore, no further analysis documentation is being provided.

Relation to Connected Equipment:

This deflector is comnected to and protects the aft
closure dome of the third stage engine from the effecte
of the hot engine exhaust gases.

Relntion to 4djscent Equipment:

This deflector assembly is loceted between the nozzles

and is arrenged to prevent conflict with them. It deflects
(as much as possible) hot gases discharged by the nozzles
and prevents them from entering the space between the
engines and from dameging equipment located in thie space.

Man-Machine Interface:

Thie deflector 1s installed and ineulation is applied
to critical surfaces by personnel during engine buildup
during missile assembly.

Event Chart:
This assembly ie used throughout third stage powered

flight tc deflecthot gases exhausted hy the nozzles from
the nozzle control unit and aft clogure.

Alternate Modes:

None
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SAFETY ANALYSIS OF FIGURE "A" 6008
DEFLECTOR ASSEMBLY - BASE HSATING STAGE II
1.0 IDENTIFICATION AND DESCRIPTION
1.1 Boeing:
Part Number 25-25877, Deflector Support Assembly,
Second Stage
1.2 Used 6n Drawing(s):
21-5172%, 21-51750, 21-50150, Second Stage Engine
1.3 Sketeh:
| See Boeins Drawing
1.4 Rasic Features:
! 1.4.1 Physical:
Located between nozzles aft of Engine Aft Closure and
conegists of Deflector Support Asuembly and Deflector.
1.4.2 Purpose:
; To deflect hot exhaust gases from Nozzle Control Unit
and Engine Aft Closure.
1.4.3 Similarity:
This Pigure "A" 6008, Deflactor Assembly - Base Heating
Stege II, is similar to Pipure "A" 6007 and €006, Deflector
Assembly ~ Base Heating for lst and 3rd Stage Engines
respectively.
1o Changes:

CCP 430 has been ircorvorated.
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2.0

3.0

PUNCTIONAL AND OPHERATIONAL SEQUENCE

?l]

204

Relation to Connected Equicment:

This deflector is connected to and protects the aft-
closure dome of the second stage engine from the effects

cf the hot engine exhaust gases.
Relation tn Adjacent Hquipment:

This deflector assembly is located between the nozzles

and is arranged to prevent conflict with them. It deflects
(as much as possible) hot prges discharged by the nozzles
and prevents them from entering the snace between the
engines and from damaging equipment located in this space.

Man-Machire Interface:

This deflector is installed and insulation is applied
to ¢ritical surfaces by persomnel during engine buildup
during missile assembly.

Bvent Chart:

This assenbly is used throughout second stage powered
flight te deflect hot gases exhausted by the nozzles from
the nozzle contrel unit and aft closure.

Alternate Modes:

None

This Pigure "A" has no -direct safety implications or applications, and,
therefore, no further analysis documentgtion is being provided.
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SAFETY ANALYSIS OF FIGURE “A" 6303

TIMER, INTERVAL

1.0 IDENTIFICATION AND DESCRIPTION

1.1 Boeing
10-20987 Timer, Intervsl

1.2 Used on Drawings
29-22327-1 and 21=50122 R&D and CTLI missiles enly

1,3 Sketch
See Beeing Spec. 10=-20987 Timer Interval

Lok Basic Features

l.sel  Pnysical

10-20987-1 I to II interstage, 10-20987-2 II to III interstage
gonslsts of an electronic timer which contrels twe selid-state

firing circuit switches,

142  Purpose
To cennect power to the proper destruot package should
premature separation eccur before the timed interval has

elapsed and to disconnect the preper destruct package
upon completion of the timed interval,

To5 Changes
CCP-582, 612, 602 incerporated

. 240 FUNCTION AND OPERATIONAL SEQUENCE
! 2.1 Relation to Connected Equipment

The Timer Interval (consisting of an electronic timer and 2
solid state switches) controls two firing circuits te the
' destruct package,

N 11 April 1962
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2.1

2.3

2.0 (Continued)

(Continued)

Prior to completion of the timer interval eperatien ef the
Machanical Safe and Arm as in premature staging current passes
through the two solid state switches and activates the destruct
package, Upon completion of the timer interval the two selid
state switches are opened preventing flow of current en

eperation of the Mechanical Safe and Arm &s in normal stage
separation, thus preventing operstion of the destruct system 1n
normal staging and permitting eperation of the destruet system in
case of premature stage separstion.

Relation to Adjacent Equipment

Proper operation of these units will result in destruction of

the leaving stage in case ef premature stage separation er
preventing the destruction ef the leaving stage in oase of

Normal Stage Separation, Abnormal eperation of these units

could result in premature stage separation without destruction

of the leaving stage, or destruction of a leaving stage during
normal staging with pessible damage te nozzles of remaining stagee

Man<Machine Interface

These units are assembled, tested and installed and timer run set
for correct time interval 10-20987-1 50 te 60 seconds 10=20987-2 100

te 120 seconds.

Event Chart

The eleotronic timers are started by interruption of an eleotric
pulse from the programer groupe The interruptien starting the
timer is the result of missile lift off from the sxirt umbiliecal,

The timers during their operating period hold 2 seolid state
switches are opened preventing destructicn ef a leaving stage.

Alternate Modes

The task assigned to this item can be accomplished by a

light weight accurate mechanical timer and switch assembly which
can eperate in the flight envirenment, The item under analysis
has ne ether use in the systam,

ay e waAS RAC
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340 POTENTIAL CONSEQUENCE OF FAILURE AND/OR ERROR
31 Probability ef Failure

Failure of the electronic iimer te open the solid state switches
at conclusion of the timer run could result in operation of ths
destruct system with possible resulting damage ic remainkhgc
engines, Failure ¢f ths timer to hold the solid stage switches
olosed .§iuring normsl timer run could rseult in premsture stage
segparatlon without destruction ef the lsaving stage,

3e2 Probability ef Errers

Fadlure te follew proper installation procedure could result
in impreper installation with resulting failure to operate

properly,

3e3 Loss of Safety

Failure of this unit or error in installation with resulting

failure in the premature stage separation destruet system ceuld

result in the fellowing:

1. An uncentrelled powered stage witheut a destruct eapability

2. A destroyed leaving stage fellowing normal staging with
resultant damage to remainging stagese

34l Direot Results ef Less ef Safety

loss ef safety resulting from either failure or errer c¢an result
in failure of the missile to perform its assigned mission er in
i an unoontrelled powered flight of an engine without command er
autematic destruct,

I! ' 3,5  Possible Indirect Results
In case of an uncontrelled powerec flight, the engine ceuld
impact in an area where considersble damage would result,

' 1,0 SPECIAL SAFRTY CONSIDERATIONS

' hel Safety Equipmert

; This 1tem is a ngoessary part of flight safety hardware and
: in 1ts self is safety equipment,.

[
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(Continued)
a2 Procedures

This unit shall be functionally tested accerding to the functional
test deoument and installed accerding to the instructions en ths
installatien drawing,

Le3 Safety Features

This item is in 1t -self a range safety item.

Lok Safety Markings

Nmn&

oS Emergency Ecuipment
This item acts as a safety item in times of emergency te
terminate thrust ef unoontrelled powered engines.
EVALUATION
Sel Procedures

Ademquate

De? Equipment

This unit has ne knewn or suspected shortcomingse

5e3 Equipment Reliability
Ench unit shall have a reliability of 9999 fer eperatien
during prelaunch and flight sequence,

Salt Excesses

None

5.5 Corrective Actien
5.501 Msndatory Changes

None

11 April 1962 ‘
SIGe BOEING | VO I [NO sio-10299 >
WAl RAC 40310 [SELA YH IDAGE 5




s

—————

540

6.0

54542

56

57

61

642

643

(Continued)

Regommended Changes
None
Deviations from Specification or other Criteria

None

Relation to Over=-All System Safety

This unit is an essential part of a kit sdded te operational
missiles to meet the extra safety requirements impesed on
flight test missiles by Missile Test Ranges.

MATNTENANCE OF SAFETY

Recommended Training

Installation orews should be trained to fellew accepted step-
by=step procedures,

Inspaction Precedures

Quality Control inspection and step~by=-step installatien
ensure proper installation.

Chegkout and Tests

Functioenal test procedure verifies each unit is working
properly prier to installatien,
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SAFETY ANALYSIS OF FIG "A" 6304
RACEWAY CONDUIT - SUPPORT SET, (CTLI)
1.0 IDENTIFICATION AND DESCRIPTION
1.1 Boeing Drawing 25-29239-1
1.2 Used on Drawing 25-25406
1.3 oketch
1.4 Basic Features
1.4.1  Physical
The receway conduit support set is located on the side
of each CTLI missile, and forms an extension of the

operational raceway. The main components are the race-
way covers, caps, and foam supports,

1.4,2  Purpose

f The raceway conduit support set encloses the raceway
| cables, and protects them from launch and in-flight

! environment.
'
i
’ s Changoes
Ncne
2.0 ANALYSIS

| This {tem is essentially identical to the raceway components
| analysed in Fig "A"™ 6005. ilence, the results of that analysis
are equally applicrble to this case.

11 April 1962
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SAFETY ANALYSIS OF TLGURE "A" 6706

BRACKET COMPONENTS - CABLE DISCONNECT, INTERSTAGE I-1I

1.0 IDENTIFICATION AND DEZCRIPTION

1.1 Boeing Drawing No. 25-27234
1 -
1.2 Used On brawing
1.3 Sketch - See Drawing
1.4 Basic Features
1.4.1 Physical
These components are located within the I-II interstage.
They consist of a welded frame and strut, and a fiberglass
guide,
' 1.4,2 Purpose
! These components provide structural support for the elec~
i trical cabling staging connector. The fiberglass guide
prevents the cable connector plug from damaging the second
stage nozzles during I-II stage separation.
{
1.5 Changes: CCP 4490, 582, 612
DRR 2909
ECP 77
2.0 Analysis
, This equipment is functionally identical to that described
i by Fig. A 6507, Hence the results of that analysis are
[ applicable Lo this case.
|
|
|
|
L
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SAFETY ANALYSIS OF FIG "A" 6010

INSULATING COMPONENT, FASTENER & ASSY JOINT

1.0 IDENTIFICATION AND DESCRIPTION

1.1

1.2

1.2.1

1.3

llu

1.4.1

1-“52

Boeing Drawing 25-27233 Components, Formed Insulation,
Thermal, Fastener & Assy Joints.

Used ©n:

BATC - 25-27233-28
CTLI - 25-27233-1
Wing 1 25-27233-1

Associated Drawing

Boeing 25-27212 Components Installation-Formed Thermal
Insulations.

Sketch-5ee above
Basic Features

Physical

This insulating component consists of various forms and
pleces of BMS 5-62 Rubbbr % 3MS 8-78 Epoxy Polyamids.

They are utilized in the interfaces between the inter-

st:ges and engine cases and belwseen the skirt and engine case.

Purpose

The pleces of insulation serve as an ablative covering on
the surface of the missile to complemen: the previously
bonded ancoat., There pieces are preformed because of
economy in installation and for assurance of good quality

insulations
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(Continued)

155

Changes - None

FUNCTION & OPERATIONAL SEIURENC:

2.1

2.2

2.3

2.5

Relation to connected equipment-

Serves to protect the surfaces from excessive heat during

passage of the missile through the atmosphere.

Relation to Adjacent Fquipment

Interior equipment 1is protected by virtue of the fact that
the surfaces remain intact.

Yan-Machine Interface

The plece of insulation are handled individually when the

interfaces, of which they are associated, are assemoled &
diaassembled.

Event Chart-Not Applicuble

Alternate Modes-None

This Item has been determined to be non-hazardous and has no
system safety implication as designed if used and maintained

as described in appropriate maintenance manuals. This item has
no direct in-line function to oritical or hazardous items,
Therefore this safety analysis 1s considered complete,

1.0
2.0
|
|
|
|
3.0
i
Sy
!
g
6010% REVISED
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SAFETY ANALYSIS OF FIGURE "A" 6507
BRACKET COMPONENTS - CABLE DISCONNECT, INTERSTAGE II-III
1.0 IDENTIFIGATION AND DESCRIPTION
1.1 Boeing Drawing No. 25-27235
1.2 Used On Drawing - 21-50150
1.3 Sketen - See Drawing
1.4 Basic Features
1.4.1 Physical
These components are located within the II-III interstage.
They consist of a welded frame and strut and a fiberglass
guide,
1.4,2 Purpose
These components providg structural support for the elec-
' trical cabling staging connector. The fiberglass guide
prevents the cable connector plug from damaging the third
stage mozzles during II-III stage separation.
1.5 Changes CCP 490
ECP 77
2.0 FUNCTION AND OFERATIONAL SEQUENCE
: 2.1 Relation to Connected Equipment.
The connected equipment consists of the electrical cabling
staging connector, and the interstage structure. These
brackets control the movement of the cabling connectors under
loads resulting from missile maneuvers, vibration, and stage
separation.
s 12 April 1962
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-

2.0

3.0

(Continued)

2.7

4%}
(WS

2.5

lelation to Adjacent Equipment.

The bracket components restrain and guide the electrical
plugs and connectors before and during stage separation.
This precludes the possibility of damage to the adjacent
third stage nozzles,

Man-Machine Interface

Installation only

Event Chart

Continuous

tlternate Modes

None

POTENTILL CONSELUENCES OF FAILURE AND/OR ER!'CR

3.1

3.3

3.4

Probability of Failure

The structural components are designed for rigidity =nd
minimum deflection, hence the prob&bility of failure of
these components is very slight, The fiberglass guide
could fail during the disconnect process if the plug
cockdd in the guids.

Probability of Frror

Installation procedures are simple-errors are unlikely.

Loss of Safety

Failure or error would allow connectors to move-this could
result in discontinuity. An ungestrained plug could dam~
age the third stage nozzles during stage separation.

Direct Results of Loss of Safety

®jgher cable discontinuity or nozzle damage would re-
sult in erratic flight.

w3 4288 2009
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3.0 (Continued)
3.5 Indirect Results
None
4,0 SPECIAL 3AFETY CONSIDERATICNS
4,1 Safety Equipment
None
Ly, > Procedures
No special safety procedures are required
4.3 Safety Features
The basic function performed by these brackets is a
safety feature.
b4 Safety Markings
None
4,5 Fmergency Equipment
None
5.0 SVALUATION
5.1 Procedures
The installation ;» ¢ :nias . adequate
5.2 Equipment
There are no known or suspected shortcomings in this
equipment.
B F ‘quipment Reliavility
|
Fasentially 1.0
12 April 1962
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4

5.0 (Continued)
5.4 Excesses
lone
5.5 Corrective fction
5.5.1 Mandatory Changes
None
5.5.2 Recommende< Changes
None
5.6 Deviations from specifications or other critetia
None
5.7 Relation to Cver-all Cystem 3afety
These components_provide a margin of safety necessary
to insure that cables, connectors, and nozzles are not
damzged during flight and stage separation,
6.0 WAINTENANCE OF SAFETY
| 6.1 Recommended Training
i
None
; Ehe Inspection Procedures
Procedures to check the fit and alignment of the connector
' plug in the gulde should be incorporated in the assembly
1 instructlions.
|
|
’ £.3 Checkout and Tests
} “one Required
f
|
l
I
12 April 1962 -
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SAFETY ANALYSIS OF PIGURE "A" 600%
RACEWAY COMPONENTS, SECTIONS 44 THRCUGH 49

1.0 IDENTIFICATION
Model Speec. No. 8-133-1000-1-7. Boeing Drawing No. 25-27236,
Used On drawings: 21-50150 Serial No. AF 62-2598 and on, end
21-51T725 Serial No. GTM 008 and 010; Analysis made of configuration
es3 of May 31, 1962,

2.0  DESCRIPTION |
2.1 The ragewsy cover components consist of insulated cha‘mneln
£11led with PE 102 polyether urethane foam (BMS 8-61).
The channels run the length of each stage, and terminate
in egps at each interstage skirt. The compeonents are sealed
with BMS 5-62 fer pressure tightness and aerodyneamic smoothness.
Theee components support and proteet the raceway cables.

2.2 The raceway cover ceomponents house the raceway cables. They
protect the cables from heat and sbrasion and provide support
to prevent excessive cable loads duwring vibrstion. The racewsy
caps cover the ceble geeess holes in the interstage skirts.

The covers are bolted to the engine cases but do not affect

the engine operation in any way. The stage saparation charges
and all devices inside the interstages are dependent on the

the racewsy ceps and sealing for protection from excessive heat.

3.0 SAFETY CONTROLS INCORPORATED
Covera and caps are insulated and sealsd to prevent the entranoce

| of flames or exceasive hesat.

4.0 HAZARD AND POTENTIAL AFFECTS TO PERSONNEL AND/OR EQUIPMENT
.1 There {5 a remote possibility: 1. that a racewsy covur
or cap could deform during silo overpraessure; 2. of an error in
installing the covers. If these were lmproperly sealed, a path
could be left open for flames to follow at launch; 3. that the
insulation could be demaged during missile emplacement or during
maintenance operations.
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4,2 In the event of a failure or error of the type desaribed
ebove, 1t would be possible for flames to enter the racevey'
area. [Flames and excessivs temperatures inside the intsrstage
could set off the stage separation charge. Durding of the foam
(it will burn slewly in free air) or skrasion of the cadles
from a deformed cap would cause cable demage. This damage
could cause erratic flight.

4.3 Stress analysis and testing indicate that this equipment is
adequate to perform its intendsd funotion. Pailures. and
errorg considered herein are only remote possibilitieé. In
addition, the time spent in the fleme and high temperature area
18 so short thet it is unlikely that there would be Wérious
consequences even if a feiflure did cesur. Relisbility is

considered essentially 1.0.

5.0 CORRECTIVE ACTION REQUIRED
The safety of this equipment is dependent on correct installatiom,

#ealing, and insulatiom.
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SAFETY ANALYSIS OF FIQURE "A™ 6703
ORDMANCE SEPARATION INTERSTAGE I-II

1.0 IDENTIFICATION AND DESCRIPTION
L1 This Figure "A® inoludes neoessary linear charge, "H"
shaped booster, time delays, Safe & Arm device, &nd
detonator assembly required to explosively separate the
I-IT interstage and remove the 2rd stage engine skirt
at the proper time and includes the follewing part
mumbersy
1,1.1 Detonator Assembly 10-20L51=5
1,142 Linear Explosive 1020451
1.1:3 Time Delay Boosters 10-20870
1odi "' Boosters L 10«08
1,15 Mechanical Safe & Arm Mechanisme 25-25218
1.1.6 Iinear Explosive Assemblies 10-20870
1.2 Used Om
I-IT Interstage, Operational, CTLI and R&D stage separation
and gkirt removal,
1.3 Sketeht
See Boeing Drawing 25-22897
| d
l
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1.4

2.1

242

24241

Basic Physical Peatures:

The Ordnance Separation Interstage I-II (Fig., "A" 6703)

1s identical to the Ordnance Separation In‘erstage II-III
(Pig. "A" 6503) except for the length of various pieces of
linear explosive, linear explosive assemblies, and the
length of time delay boosters operate. This Fig., "A"
includes electrically actuated deton-tors, lead covered
linear explosives, prvotechnic time delays, mechanically
operated Safe and Am device, "H" Booster, and linear
explosive aesemblies coneisting of lead covered linear
explosive cut to length and sttached to Boosters.

2.0 FUNCTION AND OPERATIONAL SEQUENCE

Relation to Comnected Equipment:

At the proper time an electric pulse is sent from the

G & C Section thru the raceway wiring to the arm-disamm
untt 10-20436 (Fig. "A" 6702) then to the electrically
actuated detonator assembly (10-20451), The detonators
which meke up the assembly ignite the linear charge from
each end (either end is sufficient to insure ignition of
the linear explosive). This cuts the interstage between
the 1st and 2nd stage engines and ignites the pryotechnic
time delay boosters of the skirt removal section. The
physical separation of the two sections of the inter-
stage arms - the mechanical Safe and Arm device, re-
moves the metal barrier end moves explosive pellets in
line with the time delay boosters. Upcdn completion of
the time delay boosters' burning time, the pellets in the
Sefe & Amm device are ignited and in turn ignite the "H"
booster which then {ignites the linear explosive extensions
of the forward circumferential cutting charge. Thie then
separates the forward edge of the skirt from the aft
portion of the 2nd stage englne and ignites the boosters
attached to the (4) four longitudinal linear explosive
cutting “isgemblies (10-20870- )o The skirt is cut in
(4) four segments for removal without damage to the re-
maining portions of the 2nd stage engine,

Relation to Adjacent Equipment:
Normal Operation:
The Ordnance Separation Interstage I-II will separate the

1st and 2nd stage engines in flight on command and later
remove the 2nd stags engine or comnected equipment.
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3.0

2,22

2.4

2.5

Abnormal Operation

Failure or slow operation of the stage separstion could
cauge pressure buildup resulting in improper separation,
possible loss of missile, damage to 2nd stage engine nozzles
or nogzle control unit, loses of range, or erratic flight.
Fedlure of the skirt removal gystem followlng sueceessful
stage separatlon will result in loss of range. Premature
operation can result in persomnel injury, loss of missile,
or damage to nearby equipment. Note operation of the

stege separation system without resulting physical sspara-
tion of the two stages willl not actuate the aidrt removal

systenm,
Man-Machine Interfade:?

Stage Separation and Skirt Removal Ordnance is installed
in the missils interstage aceording to procedures ine
cluded on Boeing Drawing 25~22897, Detonatars will be
tested according to the instructions in Beoeing Decument
D25683 and &ll ordnance devices will be removed according
to instructions containsd in Boeing Document D2-9133,

Event Chari:

This system functions on receipt of signal from G & C
section at the proper time for ssparation of lst stage
enging, which in turn initiates pyrotechnic time delay
boester selected to give correct time after 2nd stage
engine ignition and before 2nd stage engine skirt removal,

Lternato Modes:

None

POTENTIAL CONSEQUENCE OF FAILURE AMBJOR ERROR

3.1

3.2

Probability of Failure:

The inspection, test, and installation of this system
by qualified ordnance installers using step by step pro-
cedures superviged by Quality Control Inspectors will
reduce or eliminate installation errors, However, an
estimated nunber or occurance rate of errors can not yet
be determined,

Probebility of Errorss
NO'b detennimd'
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4.0

3.3

3.4

345

Loss of Safety:

Improper installation could result in prematurs firing

or failure to fire on proper signal. Improrsr installa-
tion of the Mechanical 8afe and Arm device could cause
failure in either of itwo modes; the § & A eould fail to
opsrate resulting in failure of the Skirt Removal System;
or the S5 & A could be actuated premeturely or accidentally
resulting in possible missile collapse in case of pre-
mature ignition of the stage separation system.

Direot Results of Loss of Safety:

Premature ignition can cause péssible missile collapse,
personnel injury, equipment demage, fire, or explosion.
Pailure of the system tc ignite can cause loss of missile
due to erratioc flight resulting from improper separation.

Possible Indirect Results:

Damege to missile, personnel, iransporter, missile
collapsae in the launcher, and uncontrolled missile flight
are all possible in case of premature ignition. Feilure
at the system egn result in international inecidents,
failure of the missile to achieve its objective, and
possibly can pose a hagard to civilian life and property.

SPECIAL SAPETY CONSIDERATIORNS

4.1

4.2

Safety Equipment:

The safe installation of this system requires the use of
detonator protective chambers, arm-disarm unit safing
pin, no~voltage test sets, ordnance installation kits,
and the uge of step by step procedures. No special
grounding provieions are provided for this system beyond
the use of twisted shielded firing legds, metal to metial
contact between the mechanical S & A and the miseile
interstage, and location of the linear explosive charges
in a metalic housing integral with the interstage metal

skin.

Procedures:

Step by step installation procedures are included in Boeing
drawing 25-22897 and step by step removal procedures are
included in D2-9133,
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4.3

4ot
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i 50 EVALUATION

5.1

5.2

Safety Peatures:

Safing pins are included in the design of Am-Disam
device (Pig. A 6702) and a lanyard operated Safe and
Arm device is used to provide a physical barrier in
the explosive train preventing inadvertent or pre-
mature firing of the stage separation system from
igniting the Skirt Removal System. The mechanical
Safe & Arm device rsquires & 75 1b. pull to operate
from the Safe to Armed position. The interstage
structure is so designed that operation of either
stage separation or Skirt Removal alons should not
cause missile collapse, operation of both systems will
not necessarily cause missile collapse.

Safety Markings:

All explosive ordnance items are marked with Standard
Ordnance mariings; yellow letters on an olive drab
backeground, white letters on brown background, and
black letters on yellow background carrying lot and
loading number information.

Emergency Equipment:

The only emergency equipment included in this system
is the Safing Pin installied in the Arm-Disarm Unit
(Fig. A 6702) which can be used to safe the system in
an emergency by locking the Unit in the Safe position
which disrupte the firing lines and shorte the firing
leads to the detonator assembly.

Procedures:

The use of trained ordnance handlers following approved
step by step procedures inspected by trained Quality
Control Inspectors and the use of the safety devices
provided will provide as safe a system as can bs
expected where it is mandatory that sxplosives be
handled, trimmed and installed.

Equipment:

The Stage Beparation Linear explosive is ignited by two
detonators, two pyrotenanic time delays are used to
ignite the "H" shaped booster which in turn ignites the
Skirt Removal linear shaped charge at two points thus
increasing the assurance the system will perform as
designed.
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5¢3 Equipment Reliability:
The established reliability goal for the ordnance
portions of this system is .994. No numbexr goal has
been determined or ddveloped for the reliability that
the skirt panels will be removed without damage to
oritiecal parts of the missile.
5.4 Excesses:
None apparent.
55 Corrective Action:
Inoreased training in Minuteman Ordnance handling
procedurss and the use of only qualified Minuteman
Ordnance installers.
5.6 Deviations from Speoification:
None
5.7 Relation to Over-all System Safety:
| Destonators meet Minuteman standardes 1 amp no fire
i for 15 seconds, and all ordnence is marked to conform
i with standard ordnance markinge.
| 640 MAINTENANCE OF SAPETY
} 6.1 Recommended Training:
All installation, removal, and test personnel should
l be qualified Minuteman Ordnance handlers, qualification
| should be achieved through both applicable Minutemen
treining courses and on the job training.
|
6.2 Inspeation Procedures:
Quality Control personnel witnesses and signg off
installation based on step by step installation
procedures.
, 643 Chegkout and Test:
i
’ RKlectric continuity tests only after inetallation.
i
|
[
(
!
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SAFETY ANALYSIS OF FIGURE "A" 6016
MARKER SET, SATE & ARM PINS

1.0 IDENTIFICATION

Identification Spec. $-133-1000-1-15; Boeing Dwg: Lanyard
and Stresmer Assembly 29-21891 & 29-21890; used om WS-133A
Safe and Arm and Arm-Disarn safing pins. This analysis is
of the configuratien as of June 25, 1962,

2.0 DESCRIPTION

The Marker Set is composed of streamers of cloth with
nylon lanyard attached. The streamers are attaecked to the
missile safing pims to give visual indicatiom that missile
Safe and Am, and Am-Disarr safing pins are installed,
locking the devices in the safe position without actual
physical inspection,

Safe and Arm devices arrive with safing pins installed,
Lanyard and streamer assemblies are attached to safing
pins duving missile assembly, Safing pins with lanyard
and streamer assemblies are removed when the missile is
emplaced in a launch facility checked out and preparcd
for alert status. Safing pins with lanyard and streamer
assemblies attached are reinstalled in the missile safe
and arm devices vhenever tests or maintemance which could
cause accidental or ipadvertant ignition are performed
and whenever the missile is to be removed for recycle.
Safing pins and lanyard and streamer assemblies remain
installed on the missile until the micsile 1s ready to
be returned to alert status.

3.0 SATETY CONTROLS INCORPORATED
The uylon lanyard hac a ten pound breaking strength to

prevent accldental damage to the safing pin and preclude
safing pin removal without use of the proper tool.

| 4.0 HAZARDS AND POTENTIAL AFFECTS TO PERSONNEL AND/OR EQUIPMENT
l The streamer in {tself is & safety indicator providing a
quick visual indication as to vhether Safe and Avm Pins
are installed or removed,.

NOTE: The presence of red streamers does not provide
positive assurance that missile Safe and Arm Pins
have been properly installed but only that they are
preseut and precumed to be installed.

>
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SAFETY ANALYSIS OF FIGURE "A" 6020
MECHANICAL ARM-DISARM SEPARATION SWITCH

1.0 IDENTIFICATION
Boeing Drawing No. 10-20436 Safety end Arming Device, Guided Missile
Body Section.
Analysis as of July 11, 1962.

2.0 DESCRIPTION
2.1 The device is an electrically actusted switch in firing clrecuit

with stage separation ordnance, cepable of manuel safing but
incapasble of being manually armed.

2.2 The device 18 armed electrically by slignal from sequence and
monitor during count down; pasges signal from G&C &t proper
time to initiate action by 1gniting detonators and stage
separstion explosives, resulting in stage separation and also
igniting of pyrotechnic time delay for skirt removal. Action
is seme, only time is different for each interstage. The

switch has two positions; "safe" or "armed".

3.0 SAFETY CONTROLS INCORPORATED
3.1 The arm-disarm switch is an item of safety equipment. It is
designed to recelve a manually inserted safing pin which locks
the arm-disarm switch in the safe position. It is electrically

grounded by bolting the metal case of the switch to the metal
interstage.

3.2 Position indicator window shows armed or safe position of the
switch; a safety streamer indicates presence of safing pin.

3.3 Arm-Disarm unit meets Minuteman safe and arm mechanism criteria.

3.4 Safing pin installation and removal, ircluding manual safing
procedures, are included in Document D2-9133.
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4.0

5.0

HAZARDS AND POTENTIAL AFFECTS TO PERSONNEL AND/OR EQUIPMENT

.1

L.2

Human errors can occur in installation, lmproper electrical hookup,
fallure to remove or install safing pin at proper time. Such
errors could cause a spurious electrical signal to the switch,
resulting in premature arming and subsequent ignition of stage

separation explosives.
Failure of stage separation can result in loss of missile,

erratic flight, shortened range, damage to test and transportation

equipment and injury to personnel.

CORRECTIVE ACTION REQUIRED

5.1

5.2

5.3
5.k

Minuteman ordnance handlers school plus on the job training
installing stage separation ordnance devices.

Instellation by trained ordnance handlers and inspected by
ordnance trained Quality Control inspectors. Safing pin
installed and left in place during ordnance installations.
A1l ccmponents tested prior to complete installation.
Complete functional test of arm-disarm switch prior to
installation. Continuity test of circuitry prior to ordnance
installation.
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SAFETY ANALYSIS OF FIGURE "A" 6503
ORDNANCE SEPARATION INTERSTAGE II - III

1.0  IDENTIFICATION
1.1 Boeing Drawing 25-22897, Sheets 1 - 4, Ordnance Instllation -
Joint Severance Interstage 1-2 & 2-3.
f Date of analysis August 15, 1962.
! 1.2 This Figure "A" includes necessary linear charge, "H" shaped
booster, time delays, Safe & Arm device, and detonator assembly
required to explosively separate the II-III interstage and remove
" the 3rd stage engine skirt at the proper time and includes the
following drawing numbers:
Detonator Assembly 10-20451 |
| Linear Explosive 10-20451
: Time Delay Boosters 10-~20870
"H" Boosters 10-20870
Mechanical Safe & Arm Mechenisms  25-25218
i Linear Explosive Assemblies 10-20870
1.3 Used On:
Missile II-III Interstage, Operational, CTLI and R & D stage
separation and skirt removal.
2.0  DESCRIPTION I
2.1 The Ordnance Separation Interstage II-III (Fig. "A" 6503) 1s ;
identical to the Ordnance Separation Interstage I-II (Fig. "A" 6703)
except for the length of various pileces of linear explosive, linear !
explosive assemblies, and the length of time delay boosters operate.
This Fig. "A" includes electrically actuated detonators, lead
covered linear explosives, pryotechnic time delays, mechanically
operated Safe and Arm device, "H" Booster, and linear explosive
assemblies consisting of lead covered linear explosive cut to
| length and attached to Boosters.
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3.0

n
n

2.2.1

2.3

The Ordnance S¢gparation Interstege II-III will separate the

£nd and 3rd stage engines in £light on command, and later

remove the 3rd stage engine skirt.

At the proper time an elestric pulse 1s sent fram the G&C Section,
thru the raceway wiring, to the arm-disarm unit 10-20436

(Fig. A 602C), then to the electrically actuated detonator

assembly (10-20451). The detonators which meke up the assembly
ignite the linear charge from each end (either end is suffielent to
insure ignition of the linear explosive). This cuts the interstage
between the 2nd and 3rd stage engines and ignites the pryotechnie
time delay boosters of the skirt removal section. The physical
separation of the two sections of the interstage arms the
mechanical Safe and Arm device, removes the metal barrier and
moves explosive pellets in line with the time delay boosters.

Upon completion of the time delay boosters' burning time, the
pellets In the Sefe & Arm device are ignited, and in twrn ignite
the "H" booster, which then ignites the linear explosive extensions
of the forward circumferential cutting charge. This then

separgtes the forward edge of the skirt from the aft portion of

the 3rd stage engine and ignites the boosters attached to the (L)
four longitudinal linear explosive cutting assemblies (10-20870).
The skirt is cut in (4) four segments for removal without damage

to the remaining portions of the 3rd stage engine.

Stage Separation and Skirt Removel Ordnance is ingtalled in the
nisslle interstage according to procedures included on

Boeiny Drawing 25-22897, Detonators will be tested according to

the instructions in Boeing Document D2-5683 and all ordnance
devices will be removed according to instructions contailned in

Boeing Document D2-9133.

SAFETY CONTROLS . INCORPORATED

3.1

Safing pins are included in the design of Arm-Diserm device

(Fig. A 6020) and a lanyerd operated Safe and Arm device is used

to provide a physicel barrier in the explosive train preventing
inadvertent or premature firing of the Stage Separation System

from igniting the Skirt Removal System. The mechanical Safe

& Arm device requires & 75 1lb. pull to operate from the 3afe & Armed
position.
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3.2 All explosive ordnance items are marked with Standard Ordnance
markings yellow letters on an olive drab background carrying
lot and loading number information.

3.3 The safe installation of this system requires the use of detonator
protective chambers, arm-disarm unit safing pin, no-voltage
test sets, ordnance installation kits, and the use of step by
step procedures. No special grounding provisions are provided
for this system beyond the use of twisted shielded firing leads,
metal to metel contact between the mechanical S&A and the Missile

interstage, and location of the linear explosive charges in a
metalic housing integral with the interstage metal skin.

3.4 Step by step installation procedures are ineluded in Beeing
Drawing 25-22897 and step by step removal procedures are
inciuded in D2-9133. !

3.5 The only emergency equipment included in this system 1s the Safing
Pin installed in the Arm-Disarm Unit (Fig. A 6020) which can be
used to safe the system in an emergency by loecking the Unit in
the Safe position which disrupts the firing lines and shorts the
firing leads to the detonator assembly.

3.6 The inspection, test, and installatlon of this system by qualified
ordnance installers using step by step procedures supervised by
Quality Control Inspectors will reduce or eliminate installation

errors. However, an estimeted number of occurance rate of errors

cannot yet be determined.

4.0 HAZARDS AND POTENTIAL AFFECTS TO PERSONNEL AND/OR BQUIPMENT
h.a Pailure or slow cperation of the stage separation could cause
pressure bulldup resulting in Improper separation, possible
loss of missile, damege to 3rd stage engine nozzles or nozzle {

control unit, loss of range, or erratic flight. Fallure of the

skirt removal system following successful stage separation will
result in loss of range. Note: operation of the stage separation
system without resulting physical sepsration of the two stages
will not actuate the skirt removal systenm.

h.2 Improper installation could result in premature firing or failure
to fire on proper signal. Improper installation of the Mechanical

3afe and Arm device could cause failure in either of two modes:

! the S&A could fail to operate resulting in faflure of the Skirt
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3.2

3.3

3.4

(W%
W

|
! 3.6
|

4.0  HAZARDS
b1

| L.2

All explosive ordnance items are marked with Standard Ordnance
markings yellow letters on an olive drab background carrying

lot and loading number information.

The safe installation of this system requires the use of Qetonator
protective chambers, arm-disarm unit safing pin, no-voltage

test sets, ordnance installation kits, and the use of step by

step procedures. No special grounding provisions are provided
for this system beyond the use of twisted shielded firing leads,
metal to metal contact between the mechanical S&A end the Missile
interstags, end location of the linear explosive charges in a
metalic housing integral with the interstage metal skin.

Step by step installation procedures are included in Boeing
Drawing 25-22897 and step by step removal procedures are

included in D2-9133.

The only emergency equipment included in this system 1s the Safing
Pin installed in the Arm-Disarm Unit (Fig. A 6020) which can be
used to safe the system in an emergency by loecking the Unit in

the Safe position which disrupts the firing lines and shorts the
firing leads to the detonator assembly.

The inspection, test, and installation of this system by qualified
ordnance installers using step by step procedures supervised by
Quality Control Inspectors will reduce or eliminate installation

errors. However, an estimated number of occurance rate of errors

cannut yet be determined.

AND POTENTIAL AFFECTS TO PERSONNEL AND/OR BQUIPMENT

Pailure or slow operation of the stage separation could cause
pressure dbulldup resulting in improper separation, possible

loss of missile, demege to 3rd stage engine nozzles or nozzle
control unit, loss of range, or errstic flight. Failure of the
skirt removal system following successful stage separation will
result In loss of range. Note: operation of the stage separation
system without resulting physical separation of the two stages
will not actuate the skirt removal system.

Improper installation could result in premature firing or fallure
to fire on proper sipgnal. Improper installation of the Mechanical
Safe and Arm device could cause failure in either of two modes:

the S&A could fail to operate resulting in faiflure of the Skirt
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5.0

h.2.2

CORRECTIVE ACTION REQUIRED

5.1

5.2

5.2.1

>3

5.4

Cont'd.

Removal System: or the S&A could be actuated prematurely or
accidentally resulting in missile collapse in case of

premature ignition of the stege separation system.

Premature imnition can ceuse missile collepse, personnel injury,
equipment damage, fire, or explosion. Failure of the system to
ignite can cause loss of missgile due to erratic flight resulting
from improper separation.

Demage to missile, personnel, transporter, missile collapse in
the launcher, and uncontrolled Missile Flight are all pcssible in
case of premature ignition. Failure of the system can result in
international incidents, faillure of the Missile to achieve its
objective, and possibly can pose a hazard to civilian life and

property.

The use of trained ordnance handlers following approved step

by step procedures, inspected by trained Quality Control
Inspectors, and the use of the safety devices provided will
provide safety 1n a system where it is mandatory thet explosives
be handled, trimmed and installed.

The Stage Separation Linear explosgive is ignited by two Jdetonstors.
Two pyrotechnic time delays are used to ignite the "H" sheped |
booster, which in turn ignites the Skirt Removel linear shaped

charge at two points, thus increasing the assurance the system will

perform as designed.
Detonators meet Mimateman standsrds 1 amp no fire for 15 seconds,

and all ordnance 1s marked to eonform with standard ordnance

markings.
The established reliabillty goal for the ordnance portions of this

system is .994. No number goal has been determined or developed
for the reliability that the skirt panels will be removed without
danege to critical parts of the Missile.

The following recommendations are considered mendatory:

e an, S = e e o)

SOoE/~VEG |0 TI1 Y pa)2ns AN

YW1 i




i
=
=
S
s

5.4.2
5.4.3

2.2

Increase trainiuyy in Minuteman Ordnance handling procedures and the
use of onl]y qual.fled Minuteman Ordnsnce ‘nstellation personnel.
All:Electric continuity tests shall be made only after installation.
quality Control persomnel shall witness and sign off installation

based on step by step insta!lation procedures.
It is further recommended that all installation, removal, and

test personnel should be Qualified Minuteman Ordnance
handlers. Qualification should be achieved through both applicable

Minuteman training courses and on the job training.

————
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1.0

2.0

SARFTY ANALYSIS OF FIGURE "A" 6701
INTFRSTAGE ASSEMBLY - INSULATED I - IT

IDCNTFICATION

1.

fu—

1

N

Boeing Drawing 25-27201, Interstage Assembly - Insulated,
Interstage 1 - 7. Model 5pec. 3-133-1000-1-2,

Date of analysis August 16, 1962.

Used on all missiles. See Boeing Drawing 25-27200, Sheet 2,
Jection B8 and B10.

DESCRIPTTION

ro

o

A

RIS

This interstage is located between Stage 1 and Stage 2 of the
migsile. It crnsists of a truncated cone and stiffeners.
Access plates are provided so that a Safing Pin can be installed
in the First Stage Igniter and so that CTLI equipment can be
installed. The plates are equipped with quick-removable
fasteners which have heads covered with PR 1910, This
materlal remaine pliable and so may be removed when it is
desired to open the plates. The Ordnance Arm and Disarm

safing Pin 1s instailed through another small access hole.
Other small accesseg and windows are provided for inspection.
The function of the Interstage is to physicaliy align the First
and Second Stage Engines and to maintain their relative posi-
tion. It .also provides for sepgﬁﬁtion of the first stage
during missile flight. Lastly, the Interstage separates

itself from the Second Stage Englne.

The 1 - 2 Interstage is similar to the Figure "A" 6501

2 - 3 Interstage.

The Figure "A" 6701 should be reviewed with the f£-llowing Figure
“A" items which are assoclated with the function of this
interstage.

Figure "A" 0703, Ordnance Assembly - 3eparatlon and Skirt
Removal, serves to break apart the separation Jjoints of the
Inverstage providing both stage separation and sxirt removal.
The Ordnance Assembly is ignited by an electrical signal from
the G & C Section. The first stage is separated immediately.
After a specific time delsy, the interstage is split in four

pieces and biown away from the second stage.

BOEIVG - T D




2,42
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no

2.h.5

2.h.6

24,7

Fizure 743" G020, A and Disarm Mechanism - Ordnance

Assenbiy:  The virpose of Lhis device is to safe the Stage
separation Ordnance Assembly (Figure "A" 6703), until it is
armed by an elactrical signal during the launch countdown.

1t may be manually safed so that arming 1ls inmpossible until the
saf'ing pin 1s removed.

Figure "A\" 606, Braecket Component - Cable Disconnect, is
attached inside the Interstages. The Figure "A"'s 6206 and
6207, G&C Cable, join in the interstage ai & disconnect.

They are supported by the Figure "A" 6011, Support Components,
and Figure "A" 6C05, Raceway Components.

The following equipment will be installed in the Interstage
before a Confidence Test Launchn: Figure "A" 6302 Cable
Asgembly Set, Figure "A" 6303 Timers-Interval, Figure "A" 630k
CTLI Kit Attachment Installation, Pigure "A" 6306 Installation
Kit-Trainer, Figure "A" 6307 Cable Assembly, Figure "A" 6308
Instellaetion Kit Trainer, Pigure "A" 6310 Battery, and the
linear charge of the Al) Ordnance Destruct System.

The Thiokol KR 80003, Safe and Arm Mechanism, Igniter,

is located on the dome of the First Stage Engine. The purpose
of thls device is to safe the engine igniter so that it will
not function until armed during the ‘aunch countdown. In
other respeets, this is similar to the Figure "A" 6020. If
the Interstage were to fail during the handling of the missile,
the igniter could be armed.

The Second Stage Tngine nozzles, Figure "A" 3003 Deflector
Assembly, and Figure "A" 620k Nozzle Control Unit are located
inside the Interstage. At the time of stape separation and of
skirt removal, these could be damaged by flying fragments.

The Thiokol Jet Perforator is used during CTLI and 1s located
on the First Stage Engine Dome. If the interstage fails during

missile handling cansing detonation of the perforator, this device

wii! pierce the englue dome and the slde of the engine. A
large gash wil! be tora in the side andithe propellant will

turn with a temperature of spproximately 4500 F.

BOEIAVE 111 D2-12298
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4.0

AP 77, "Lighiweiyht 3%C Components for Operational Program”

[N
\Sa)

has been approved. and affects the following items. Figure "A"
6701 - Interstage: Figqure "A" 6204 - Nozgle Control Units:
Figure "A" 6005 - Raceway Components; Figure "A" 6011 -

Gupport Compenents; Pigure "A" 6706 - Bracket Components;
Figure 'A"'s 620C and 6207 - G& C Cable; and FPigure "A" 6304 -

CTLI Kit Attaclment Installation.

SAFETY CONTROLS INCORPORATED
3.1 Safety features incorporated in the interstage design include

the following.

3.1.1  Shields are provlided to prevent fregmentis of interstage structure
from flying toward the Interior of the Iinterstage space when
the separation Joints are ruptured.

3.1.2 The interstage structure is inherently grounded. A jumper also
bonds the interstage to the engine. No specific safety
equipment is required for the structure.

3.2 safety markings include:

The plate provided for access to the ipgnition safing pin is
labelled "Access First Stage Ignition Safing Pin." The lo-~
cation for safing of the Ordnance Assemb.y is iabelled

"Arm end Disarm Safing Pin." The window for the "Arm and
Disarm Position Indicator” is so labelled. Other partinent
labels are: 'Ordnance Accsss Door™ (6 places),"Access Stage
Separation, Vent ", (16 places), "Panel 5ling Attach’ (15 places),
"CILI iquipment Access Door"”, "CTLI Arm and Disarm Safing Pin",
"CILI Arm and Disarw Position Indicator”, and "CTLl Receptacle
Cover"” (3 places).

3.3 No safety procedures or emergency eguipnent are regquired.

HAZARDS AND POTENTIAL AFFECTS TO PERSONNEL AND/OR EQUIPMENT

b1 The capability of the astructure to support the missile while
in an erect position in the Launcher has been well-founded
in the tests of EWA 5275. The capebldity to withstand dynamic

forceshas not been denonstrated.

h.2 There are many points for errors in the assembly of this item.
The structure s desi,red sufficiently strong, lLowever, and
procedures are such that critical errors will be discovered and

tne other errors wi.] be inconsequentia’.
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5.0

The interstege could be damaged while missile is being
transported or handled. It could then fail in compression
while in the launcher, or it could faill from buckling during &
turn in flight. If the interstage did not separate properly,
it might damage the second stage.

If a missile were to be dropped, the interstage would probably
not prevent an explosion likely to oecur. If en interstage
fails becavse of structural fallure in the Leuncher, a
hazardous condition would result frow missile collepse. If

a structural Pailure occeurs in flight, so interuatlonal incident
may ocecur or, at least, the missgile will fall short of its
varget. These same results might oceur if damege is done to

the nozzles or other fixtures on the second stage.

CORRECTIVY ACTION REUIRED

5.1

te

The following procedures have been reviewed and recommendations
are:

The parting agent, specified on the drawing to be applied to
the slip joints in the Interstage, 1s not identified.

See 25-27201, flag note #4. It is recommended that this agent
be identifiled on the drawing.

Manufacturing Technical Directive 2-11(1, Application of

RTV Silicone Heat Protective Insulation (PR 1910), is

subject to misinterpretation. Corrective action has been taken
to ensure that safety information is included.

Additional testing sheuMie accomplished to determine severity
of dsmage interstage may sustain without failure under loads.
Tt has not been demonstrated that flying fragments will not
occur at rupture of the separation joints. Such fragments
night damage adjacent equipment. It is recommended that a test
te conducted to pvaluste this potential hazard.

‘quipment ReliaﬂLlity hes been reviewed. ['robablility cf
structural integrity ™ 1: Prcbability of structursl separation
of hoth the stages and of skirt removal = .9994, Source D2-L4578,
Volume II.

lio deviatious trow opec.fications are known to exist.

Jelation to Over-All System Safety is dependent oa:

soENC [T T
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Ltruciural lpidity

Joint Ceparsbilizy

Crotection of Inclesed Ttems

Trere are no mandatory safety changes, no requirad inspection

proceduwreg. checrouts or tests.
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1.0

2.0

3.0

4.0

SAFTTY ANALY3IS FIGIMT "A" 6901
SKIRT ASSEMBLY - INSULATED STAGE I

IDENTIFICATION
Boeing Drawing 25-27207, Sheet 1 % 2 Body Section Guided Missile.
Date of Analysis May 16, 1962.

SSCRIPTION

2.1 The Skirt Assembly is located on Stage I at the base end of
the missile. It consists of a truncated cone and stiffeners.
The first stage engine nozzle and nozgle contrnl unit are
located inside the skirt. An access plate with quick-rerovable

fasteners is provided so that CILI equipment can be installed.

[x>]
no

he function of the skirt is to support the misslile and to
meintain it in target position until ready to launch. It also
provides for aerodynamlc smoothness throughout the flight of
the first stage.
2.3 The Base Adapter Ring fits on the end of the skirt and serves
to guide the missile into place in the Launcher.
The Umbilical Cable connects to the skirt to provide electrica!

30
=

power to the missile until lift-off.

SAFETY CONTROLS INCORPORATED

3.1 The skirt is inherently grounded. A Jumper also bonds the
skirt to the engine. No specitic safety equipment is required.

3.0 Safety Markings include "Panel Sling Attach,” (12 places)
"Transporter Clamp Hole" (16 places) and "Door CTLI Cable

Access."

3.3 The capabllity of the structure to support the missile standing
erect in the Launcher has been well founded in the tests of
EWA 5275.

HAZARDS AND POTENTIAL AFFECTS TO PERSONNEL AND/OR EQUIPMENT

b1 The skirt could be damaged during transportation and/or handling.
It could then fall in compression while in the Launcher or in
flight.

AN
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5.0

b.2

k.3

I.h

If an engine were to be dropped, the skirt would probably not
prevent detonation.

If structural failure ocours to a skirt while in the Launcher,
& hazardous condition will result.

A structural fallure oeccuring in flight may demage the First
Stage Englne nozzles, ceusing an international incident or,

at least, the missile could fall short{ of its target.

CORRECTIVE ACTION REQUIRED

5.1

None recommended.
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1 1.0

SAFETY ANALYSIS OF FIGURE "A" 6307

CABLE ASSEITLY, SPECIAL PURPOSE, ELECTRICAL, BRANC:AED

Cx=7605/DSQ

IDENTIFICATION AD DESCRIPTION

l.l

1.2

1.3

l.b
l.hol

IQL-Z

dohe3

1.5

Boeing! Model “pec. No. S-133-1006-3-4

Boeing Drawing 25-2939l~1 Cable Assembly

CTLI

Illustration:

Same as above

Bagic Features:

Physical

The cable asserbl; is mounted on the forward ena of the
First Stage Enpine, It consists af a modified cross
terminating in four comectors. The longest portion is
approximately two feel between connectors and the biggest
X: ¢ contains twelve wires and one shield.

Purpose:

The cable assembly connects premature separation
destract componenis of the 1-2 interstage to ithe Fipure
"A" (302 Blectrical Cable ‘ssembly Set,

Similarity:

tione known

Changes:

None

= i Y D2=12290
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2,0 FUNCTION AID OPEHATIONAL SEQUENCE
2.1 Relation to Connected Equipment:
The cable assembly serves faor tranemission aof the

premature stage separation *imer initiation pulse

and the timer monitor circuit to and from the Fipure
i A" 6303 timer, the battery activate and the battery
monitor circuits to and from the Figure "A" 4210
battery, and comnections to the mechanical safe and

arm of the Figure "A" 4607 A1l Ordnance Destruct System,

22 Belation to Adjacent Equipment:

! No effects by the cable assembly per se.

r 243 Man-Machine Interface:
The cable wires are twislted and wrapped by persomnel at
agssembly. Also, the four connectors are installed.
The comections are made up at installation of CTLI
equipment and in the event of maintenance, they are
disconnected,

2. Event Chart:

Does not apply

A5 Aternate Yodes:
None
3,0 This item l'.as been determincd to be non~hazardous and has no

Srstem Safety implications as desi ned if used wd maintained
as described in appropriate maintenance mamal, This cable
assembly has no direct in-line function to critical or hagzardous

items. Therefore, this safety analyvsis is consicered adequate.

—
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